Deeply virtual Compton scattering process was studied widely at the HERMES experiment through measurements of various cross-section asymmetries. These measurements exploited the rich data collected at HERMES on scattering a longitudinally polarized lepton (electron/positron) beam off unpolarized, longitudinally and transversely polarized hydrogen targets, unpolarized and longitudinally polarized deuterium targets, as well as unpolarized nuclear targets. The operation of a recoil detector during the last two years of HERMES running enabled for the full kinematic reconstruction of the events of exclusively produced real photons and a clean (with a background well below the 1%) measurement of the beam-helicity asymmetry. Also, first measurement of the beamhelicity asymmetry related to the associated deeply virtual Compton scattering process, where the proton is excited to a ∆-resonance state, was possible using the recoil detector information.
Introduction
One of the theoretically cleanest channels providing access to Generalized Parton Distribution (GPD)-related information is Deeply Virtual Compton Scattering (DVCS), where a single real photon is produced in the final state leaving the recoiling nucleon (nucleus) intact. The GPD formalism incorporates the well-known one-dimensional nucleon form factors and (transverse-momentum-integrated) parton momentum distribution functions in a multidimensional picture of the nucleon, and correlates the partons transverse spacial and longitudinal momentum distributions.
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The spin-1/2 nucleon is described by four leading-twist quark-chiralityconserving GPDs H, E,H andẼ. GPDs H and E are of greater interest due to their relation to the total quark angular-momentum contribution through the Ji's sum rule.
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The extraction of azimuthal asymmetry amplitudes in DVCS was one of the essential programs of the HERMES experiment at HERA. 3 The measurement of DVCS process is in fact mixed with that of the Bethe-Heitler (BH) process, where a real photon is radiated by a lepton in the initial or final state. Two angles φ and φ S , defined respectively as the angle between the lepton scattering plane and the photon production plane spanned by the virtual and real photons and the angle between the lepton plane and the component of the target polarization vector orthogonal to the momentum of the virtual photon, appear in the cross-section. The contributions of the DVCS, BH and their Interference (I) term can be isolated through the modulations of azimuthal asymmetries into Fourier harmonics of angles φ and φ − φ S . Moreover, due to the unique possibility of HERA to deliver longitudinally polarized electron and positron beams with both helicities on an unpolarized, longitudinally polarized hydrogen (H) and deuterium (D) targets, transversely polarized H target and unpolarized nuclear targets it was possible to disentangle the contributions from DVCS and I terms. The measured asymmetry amplitudes are sensitive to certain combinations of real or imaginary parts of the Compton Form Factors (CFFs), which are convolutions of GPDs with the hard scattering kernels. Such measurements allow in principle to constrain GPDs.
HERMES Experiment and Data Analysis
In order to extract these asymmetry amplitudes from the data, events were selected when they contained exactly one photon and one scattered lepton track. Photons were identified by the energy deposition above 5 GeV in the calorimeter and preshower counter in the absence of a track. The requirements imposed on the lepton kinematics were 1 GeV 2 < Q 2 < 10 GeV 2 , 0.03 < x B < 0.35 , −t < 0.7 GeV 2 , W > 3 GeV and ν < 22 GeV, where W is the invariant mass of the virtual-photon nucleon system and ν is the energy of the virtual photon in the target rest frame. For the data collected at HERMES before the operation of the recoil detector, when the recoiling nucleon could not yet been detected, exclusive DVCS events were selected imposing an additional constraint on the missing mass M angle Θ γγ between the virtual and real photon was limited to a range of 5 to 45 mrad. The analysis of DVCS events using the information from the recoil detector 4 will be discussed in Sec. 4.
DVCS Measurement at HERMES
An overview of the most important extracted asymmetry amplitudes for the entire HERMES kinematic region is shown in Fig. 1 . Circles (triangles) correspond to all analyzed data taken with H (D) targets from 1996 until 2007 with standard missing mass technique for the exclusive DVCS event selection. The kinematic dependences of the asymmetry amplitudes are available with the respective publications.
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The amplitudes for H and D are mainly very similar. In the upper two panels various amplitudes for beam-charge and beam-helicity asymmetries 5, 6 are shown. which is proportional to the imaginary part of a linear combination of the CFFs H and E is significantly different from zero. The amplitudes of the longitudinal target-spin asymmetries 8 for respectively unpolarized and longitudinally polarized lepton beam are shown in the lower two panels. The asymmetry amplitudes A UL are sensitive to imaginary part of CFFH and the longitudinal double-spin asymmetry amplitudes A LL to the real part of CFFH. All the measured asymmetry amplitudes serve as an important input for the (model) extraction of GPDs from hard exclusive processes. Note that the asymmetry amplitudes extracted from the HERMES measurements with nuclear targets 
Measurements with the Recoil Detector
During the years 2006-2007 a recoil detector 4 surrounding the target cell was operating. The main purpose of this detector was to record recoiling hadrons (protons/pions) in addition to the scattered leptons and photons from the DVCS process detected by the HERMES spectrometer. It consisted of two layers of double-sided Silicon Strip Detectors (SSD) around the target cell inside the HERA beam vacuum, two layers of a Scintillating Fiber Tracker (SFT) and three layers of a photon detector (PD). A toroidal magnet embedded all these detector elements provided a longitudinal field. The energy deposited along the tracks of the particles inside the SSD and SFT was used to identify protons and pions. A "pure" exclusive data sample was selected by combining information from the forward spectrometer and the recoil detector in a kinematic event fit based on fourmomentum conservation under the hypothesis of the process ep → epγ. Events were selected with high efficiency (83%) and very small background contamination of less than 0.2%. The fractional contribution to the event sample was estimated from a Monte Carlo simulation. Results for the single-charge beam-helicity asymmetry amplitudes for this background-free pure sample are shown in Fig. 2 based on the analysis of data for hard exclusive meson production 13 (not shown in Fig. 2 ). The beam-helicity asymmetry for the associated DVCS events is of great interest by itself as it contains interesting information about the transition GPDs. The beamhelicity asymmetry amplitudes were determined separately for the reactions ep → eγπ 0 p and ep → eγπ + n in the ∆−resonance region. 14 Again kinematic event fitting was performed requiring another hypotheses, considering all recoil tracks identified as protons and positively charged pions. As an example, the asymmetry amplitudes for the reaction channel ep → eγπ 0 p with recoil-proton reconstruction are shown in Fig. 3 . Indeed, the 'overall' A sin φ LU amplitude for this channel is consistent with zero. This is also true for the channel with recoiled charged pion reconstruction.
Note that the associated background can dilute also the other measured asymmetry amplitudes at HERMES, in addition to the single-charge beam-helicity asymmetry amplitudes, 10 and, in principle, it should be taken into account correcting them accordingly, especially in kinematic bins with relatively high contribution from associated DVCS processes in the signal. The preferred option would be to include the difference arising due to these background contributions (if the measurement of corresponding asymmetry amplitudes for them is possible, in principle) into the systematic uncertainties of the measurement. 
